Background: Heart disease is an important cause of morbidity and mortality in cats, but there is limited evidence of the benefit of any medication.
| INTRODUCTION
Heart disease is an important source of morbidity and mortality in cats. A variety of medications have been recommended historically and used in cats with heart disease, including angiotensin-converting enzyme (ACE) inhibitors (ACEIs), aspirin, beta blockers, clopidogrel, calcium channel blockers, diuretics, and more recently pimobendan. [1] [2] [3] [4] [5] However, to our knowledge, the benefit of any pharmaceutical agent has not been demonstrated in well-controlled prospective clinical trials in cats with heart disease.
At the time of the initiation of the study in 2002, the state of knowledge was that positive effects of ACEIs on clinical signs and survival had been demonstrated in humans 6, 7 and dogs [8] [9] [10] with congestive heart failure (CHF). In cats, the ACEIs enalapril and benazepril decreased left ventricular wall thickness of cats with hypertrophic cardiomyopathy (HCM), but the studies were not well-controlled. 11, 12 In addition, there is increased expression of renin in the kidneys of cats with HCM examined at necropsy, consistent with activation of the renin-angiotensin-aldosterone system (RAAS). 13 Based on the evidence available at the time of starting the study, it was hypothesized that the ACEI benazepril might have beneficial effects in cats with heart disease of various etiologies, and not restricted to cases of HCM.
The main hypothesis of the study was that, compared to placebo, benazepril would delay the time to treatment failure in cats with heart disease of various etiologies.
| MATERIALS AND METHODS
The study was a prospective, multicenter, parallel-group, randomized, and blinded clinical trial comparing benazepril with placebo in cats with heart disease. The study was conducted in compliance with the Procedures and Principles of Good Clinical Practice (VICH GL9, CVMP: VICH/595/98, 2000), and after approval by company internal review procedures and the respective regulatory authorities in each country taking into account animal welfare and ethical guidelines. All owners had to give their written informed consent before the start of the study.
The manuscript was prepared after consultation of the CONSORT statement for reporting of randomized clinical trials. 14 
| Study design
All cats were client-owned animals and therefore were fed, housed, and managed at home as pets. Owners were requested, as far as possible, not to change the home management of their cats during the trial. On day 0 (baseline), case history, demographic variables, and results of the owner assessment and the investigator (veterinarian) clinical examination were recorded. The cats were scheduled to be examined by the investigator again at weeks 5 (range, ±1), 13 (±1), 26 (±2), and 52 (±4) weeks, and in some cases also at 78 (±4) and 104 (±4) weeks. The maximum treatment and follow-up time was initially 1 year, but was extended to 2 years during the study. Systemic systolic blood pressure measured via Doppler sphygmomanometry, 2-dimensional and M-mode echocardiography, electrocardiography, and thoracic radiography were scheduled to be performed at day 0 and weeks 13, 26 , and 52 (plus 78 and 104 weeks in some cats). No sedation was permitted for 24 hours before an echocardiogram. In order to optimize consistency, investigators were trained on the techniques used in the study, including echocardiography which followed published methods. [15] [16] [17] Blood samples for routine clinical chemistry and hematology were taken at each visit.
| Selection of cats
Cats were recruited according to the following inclusion criteria:
1. Cats with heart disease requiring treatment. This included cases with CHF, and cats without CHF but which had heart disease and structural changes to the heart that, in the opinion of the investigator, required treatment. Animals were selected according to the investigator's clinical judgment confirmed by complementary analyses, notably echocardiography. Underlying cardiac diseases permitted were: HCM; hypertrophic obstructive cardiomyopathy (HOCM), that is, outflow obstruction was not an exclusion criterion; dilated cardiomyopathy (DCM); restrictive cardiomyopathy (RCM); unclassified cardiomyopathy (UCM); valvular disease, for example, endocardiosis (but not endocarditis); and congenital defects not correctable surgically or that could lead to CHF, for example, mitral dysplasia or aortic stenosis. The classification of cases to HCM, HOCM, DCM, RCM, and UCM was made according to published criteria. 16 
| Randomization
After inclusion in the study at day 0, cats were allocated by permuted block randomization to 1 of the 2 treatment groups in a 1:1 ratio, with a block size of 4. Separate randomization lists for each investigator were generated by the statistician using randomization software.
| Test items
Benazepril was administered as the hydrochloride salt at a minimum dosage of 0.5 mg/kg (target range of 0.5 to 1 mg/kg) once daily in the form of palatable divisible tablets containing 2.5 mg benazepril hydrochloride (Fortekor 2.5 mg, Elanco Animal Health, Huningue, France).
The placebo tablets had the same appearance and composition as the benazepril tablets, except that benazepril hydrochloride was replaced by lactose. The benazepril and placebo tablets were packed into identical bottles, which were labeled A-D, with 2 codes for each of the items.
Investigators and owners (as well as all study personnel except the sponsor representative and statistician) were therefore blinded to the test item administered. The blinding code was not broken in the study.
Owners were instructed to administer the test items, as far as possible, at the same time each day. The test items could be administered with or without food.
The dosage of benazepril hydrochloride tested (minimum 0.5 mg/kg) was the same as registered in many countries including the European Union for the management of proteinuria in cats with chronic kidney disease.
The number of tablets dispensed to and returned by the owner for each cat was checked at each visit. Daily treatment compliance and ease of administration of the tablets were not assessed.
| Concomitant medication
All cats with DCM were required to be fed taurine supplementation.
Three drugs with an effect on the cardiovascular system were permitted as concomitant medication: aspirin (at a target dosage of 10 mg/kg/week PO), digoxin (only in cats with DCM as an inotrope at a target dosage of 0.01 mg/kg PO on alternate days), and furosemide (dosed to effect, no guidelines or limits were defined, PO but not parenteral). Usage and dosages were decided by the investigator as required, but were not analyzed. Other drugs with a potential action on the cardiovascular system in cats were not permitted during the study or within 3 days before inclusion at day 0; including open-label prescription of ACEIs, beta blockers, calcium channel blockers, diuretics (other than furosemide PO), nitroglycerin, and pimobendan.
Other concomitant medications or therapies were permitted provided that they had no relevant action on the cardiovascular system or would not interfere with the objectives of the study, or both, for example, antibiotics or antiparasite products were allowed.
| Efficacy assessments
The primary endpoint was treatment failure and was defined prospectively in the protocol. Analyses were conducted separately for all-cause treatment failure (defined as the main analysis) and for heart disease- The secondary endpoints defined prospectively in the protocol were the quality of life of the cat assessed by the owner (rated as normal, medium, poor, or very poor) and the left atrium (LA) diameter and left ventricle (LV) wall dimension on echocardiography. 16, 17 In addition, investigators assessed the following variables subjec- 
| Safety assessments
The safety of the test items was assessed from the investigator clinical examinations, adverse events reported by the owner, and results of the clinical chemistry and hematology variables.
| Statistical analysis
All statistical tests were performed using commercial software (SAS Software, Version 9.2, Cary, North Carolina). Reported P values are 2-tailed with P < .05 defined as significant. Baseline data were compared between groups using analysis of variance for parametric data and Fisher's exact test for frequency data.
Time to event analysis was conducted separately for all-cause treatment failure and for heart disease-related treatment failure (defined earlier). Cats lost from the study for a reason not defined in the protocol, or still alive when the study was terminated by the sponsor, were included in the analysis up until the last time point at which they remained in the study and were thereafter censored. The Kaplan-Meier method was used to estimate the median and 95% confidence interval (CI) time to event, and to generate time to event graphs. The log rank test with right censoring was used to compare times to event between groups.
Univariate Cox proportional hazards (CPH) model analysis with
right censoring was performed for each variable to determine the association between that variable (at baseline) and time to event; the hazards ratio (HR) and 95% CI were calculated.
The database contained a total of 53 baseline variables from 151 cats, and only 62 cats reached the all-cause failure endpoint. In order to reduce the risk of overparameterization in the multivariate analysis, variables were selected for analysis as follows:
1. Heart disease was classified as either congenital or noncongenital in origin. Noncongenital cardiomyopathy cases were originally classified as HCM, HOCM, DCM, RCM, or UCM; however, cases were finally not analyzed according to these subgroups.
For echocardiogram variables in which values were available from
2 different techniques, the variable with data from the highest number of cats was selected. The LA diameter was assessed on both the short and long axis views, and the end diastolic mean LV diameter, LV free wall, and LV septum dimensions were based on the 2-dimensional and M-mode. 16, 17 3. Correlations for clinical chemistry and hematology variables were investigated using Spearman rank correlation, and only 1 of the highly correlated variables was selected. Hematocrit was highly correlated with red cell count (the correlation coefficient ρ = .79) and hemoglobin concentration (ρ = .91), therefore hematocrit was selected. Alkaline phosphatase and alanine aminotransferase activities were highly correlated (ρ = .70), therefore the former was selected.
4. Clinical signs (presence or absence) of reduced appetite, ascites, crackles, dyspnea, pleural effusion, pulmonary edema, and poor respiratory character were summarized into a single category, the presence or absence of CHF signs.
Application of the selection methods described above led to a smaller subset of 24 variables, which were included in the univariate CPH analysis (Tables 4 and 6 ).
For the multivariate analysis, both forward selection and bidirectional selection approaches were used. Models were assessed with or without forcing treatment into the model; although treatment was not significant in the univariate analysis, assessment of treatment was the primary objective of the study. For forward selection, no variables were selected initially, and candidate variables were tested and added if they improved the fit of the model (using F tests). Once a variable entered the model, it was retained. For bidirectional selection, the 5 variables with the lowest P values from the univariate analysis (Tables 4 and 6) were selected initially (with or without treatment), and the effect of adding or subtracting the other variables was tested (using F tests). Introduction of a maximum of 6 variables initially into the bidirectional selection models complies with the recommendation to have a minimum of 10 event cases per variable. 18 As a final validation of the multivariate CPH models, the best model approach was employed and confirmed the choice of variables selected by the forward and bidirectional selection approaches. which can therefore be considered an "all-randomized animal" or "intent-to-treat" analysis data set; 77 received benazepril and 74 received placebo. No separate "per-protocol" analysis was conducted.
Baseline and demographic data are shown in Table 1 , and the frequency of echocardiographic diagnoses in Table 2 . A total of 93 cats (62%) had clinical signs of CHF, whereas 58 (38%) were asymptomatic. The frequency of congenital disorders (P = .009) and mean white blood cell (WBC) counts (P = .04) were significantly higher in the group of cats randomized to receive benazepril. A flowchart with study outcomes is shown in Figure 1 .
Benazepril hydrochloride at a mean dosage of 0.70 mg/kg (range 0.50 to 1.0 mg/kg) or placebo was administered once daily for up to 2 years.
| Time to event analysis
Visual examination of the Kaplan-Meier plots indicated no violation of the proportional hazards assumption (Figures 2 and 3 ). There were no clinically relevant differences in conclusions from the time to event analysis of all-cause or heart disease-related treatment failure.
| All-cause treatment failure
In the benazepril group, a total of 33 cats reached the all-cause treatment failure endpoint and 44 were censored. In the placebo group, a total of 29 cats reached the endpoint and 45 were censored. The proportion of cats reaching the endpoint (benazepril 43%, placebo 39%) or censored was similar in both groups, as were the reasons for failure (Table 3 ) and censoring (Figure 1 ).
For all-cause treatment failure, there was no effect of treatment (benazepril versus placebo) on time to event with P = .42 in the log rank test ( Figure 2 ) and univariate CPH model ( Table 4) 
| Heart disease-related treatment failure
In the benazepril group, a total of 29 cats (38%) reached the heart disease-related treatment failure endpoint, whereas 48 were censored ( Figure 1 and Table 3 ). In the placebo group, 22 cats (30%) reached the endpoint, whereas 52 were censored. There was no significant effect of treatment (benazepril versus placebo) on time to event with P = .21 in the log rank test (Figure 3 ) and univariate CPH model ( Table 6 ). The median (95% CI) time to event was 553 (264-infinity) days in the benazepril group, and could not be determined in the placebo group as the treatment failure rate was 36% at the last event (day 378). The 25% interquartile for time to event was 123 days in the benazepril and 166 days in the placebo group.
Results of the CPH univariate analysis of the selected baseline variables are shown in Table 6 . Variables significantly (P < .05) associated with HRs >1 were: LA diameter; WBC; plasma urea; presence of CHF signs, arrhythmias and gallop sound; and poor quality of life.
Variables significantly (P < .05) associated with HRs <1 were: FS, end diastolic LV free wall and septum thickness, hematocrit, and plasma albumin. In the multivariate CPH analysis (Table 7) , FS, plasma sodium, presence of CHF signs, and arrhythmia were significant in both the forward and bidirectional selection models (P < .05). Treatment was not significant in either model (P ≥ .84). Left atrium diameter and plasma potassium were significant in initial iterations of the forward selection model, and were therefore retained, but were not significant in the final model (Table 7) .
There was no significant interaction between the effect of treatment on risk of treatment failure and the presence or absence of congenital disorder (P = .37), LA diameter >16 or ≤16 mm (P = .32), CHF signs present or absent (P = .59), or presence of dyspnea plus poor quality of life (P = .41) (data not shown).
| Clinical signs
There were no significant differences between the 2 groups after administration of the test items (ie, at weeks 5-104) for presence/ absence or severity of score for any of the clinical signs, including the quality of life (data not shown).
| Echocardiography
There were no significant differences between the 2 groups after administration of the test items (weeks 13-104) in LA diameter or LV free wall thickness (data not shown).
| Safety
The number of cats with at least 1 reported adverse event was 42 (77%) with benazepril and 35 (74%) with placebo (P = .42, Fisher's exact test). The frequency of individual adverse events was similar in both groups; results for events occurring twice or more in either group are shown in Table 8 . There were no significant differences between the 2 groups after administration of the test items (weeks 5-104) for any clinical chemistry or hematology variable (data not shown).
Analyzed (n = 77) 10 The reasons for treatment failure are provided in Table 3 T The primary endpoint of the study was treatment failure, which was defined prospectively in the protocol and analyzed using time to event techniques. All-cause treatment failure was defined as the main analysis, as it is relevant clinically and in addition maximized the proportion of cats reaching a defined endpoint (41%) rather than being censored (59%). Nevertheless, similar results were found, including no detected benefit of benazepril, when treatment failure related to heart disease was analyzed.
The relatively low number of cats reaching the defined treatment failure endpoint (41% for all-cause failure and 34% for heart diseaserelated treatment failure) versus being censored is a weakness of the study, as fewer event cases lowers the power and reliability of the statistical analysis. Relatively low event rates occur in ACEI studies in dogs. 9, 10 Approximately equal numbers of censored and event cases occurred in a 5 year study in cats with preclinical HCM. 19 Further limitations to the study are discussed below. First, the cats recruited had a wide range of etiologies of heart disease and stages of progression of disease, and included both asymptomatic and symptomatic cases. These cases were recruited as the hypothesis for the study was that an ACEI might have beneficial effects in many of these cats. However, the relatively high proportion of asymptomatic cats (58 of 151 cats, 38%), and high variability between cases, could well have masked possible benefits of benazepril in certain subgroups.
The inclusion criteria permitted inclusion of cats without CHF that, in the opinion of the investigator, "required treatment" with no further definition or guideline. We conclude that, in hindsight, this approach contributed to too many cats without CHF being recruited. Second, it was not confirmed in all cats that clinical signs attributed to CHF, for example dyspnea or low appetite, were primarily caused by heart disease rather than concomitant noncardiac disorders. Third, although allocation to groups was randomized, the 2 groups were not matched perfectly at baseline; the group allocated to receive benazepril having significantly more frequent congenital disorders and higher WBC counts and numerically, although not significantly, more frequent arrhythmias (P = .09), clinical signs of CHF (P = .07), and RCM (P = .16). This is the probable reason why, after treatment, cats receiving benazepril had 21 and reduction of proteinuria in cats with chronic kidney disease. 22 However, we have no information that the cats in our study were dosed correctly with the test items, and did not monitor blood benazepril concentrations or measure biomarkers (eg, plasma ACE activity), which could have indicated adequate intake. Finally, the 23 Although the ACEIs enalapril and benazepril had positive effects on echocardiography variables in small not well-controlled studies of cats with HCM, 11, 12 the ACEI ramipril and the aldosterone antagonist spironolactone did not improve diastolic function or left ventricular mass in Maine Coon cats with asymptomatic HCM. 23, 24 No significant differences between effects of benazepril and diltiazem occurred in cats with HCM. 25 Interim results of a prospective field study in cats with diastolic heart failure including the ACEI enalapril were published as an abstract in 2003. 26 The study was designed to provide 74% power with a 25% difference between groups for the primary endpoint with a minimum of 100 cats recruited. Although more cases were recruited, the power of the study was impaired by the relatively low number of cats (n = 62) which reached the defined failure endpoints rather than being censored.
Post hoc power analysis confirmed that with 75 cats per group, as recruited, 80% power would be achieved if the difference between groups was at least 25% (30/75 for benazepril versus 49/75 for placebo). The lack of observed significant differences between groups therefore does not exclude the possibility of a smaller effect of benazepril or effects in certain subgroups of cats, such as those presented in CHF.
T A B L E 7 Results from the multivariate Cox proportional hazard analysis for the association among baseline variables, and treatment, and the risk of reaching the heart disease-related treatment failure endpoint (n = 151 cats) Although it was not 1 of the predefined objectives of the study, we were able to determine some prognostic variables for cats with heart disease. In the CPH multivariate analysis, LA diameter and presence of CHF signs were significantly associated with increased risk to reach the all-cause treatment failure endpoint. For the heart diseaserelated treatment failure endpoint, FS, plasma sodium, and the presence of arrhythmias and CHF signs were significant. These results are consistent with previous retrospective studies in cats with HCM, which identified age, LA dysfunction, LA enlargement, low LV systolic function, LV hypertrophy, and presence of CHF signs at diagnosis as risk factors in cats with HCM. 19, [27] [28] [29] [30] [31] [32] 5 | CONCLUSIONS
The ACEI benazepril was tolerated well in cats with heart disease, but we found no evidence of benefit. In view of the limitations of the study, however, it is not possible to make a definitive conclusion that
ACEIs have no beneficial actions in all etiologies and stages of heart disease in cats. Nevertheless, there was no significant interaction between the effect of treatment with benazepril on the risk of treatment failure for any of the analyses, including the presence or absence of CHF signs. Further adequately designed and powered studies are recommended, including in selected subgroups of cats with specific etiologies of heart disease.
